Introduction Diverticular disease is a common medical problem, but it is unknown if lower socioeconomic status (SES) affects patient outcomes in diverticular disease. Material and methods The New York (NY) State Inpatient Database was used to query 8,117 cases of diverticular disease occurring in patients aged 65-85 in 2006. Race and SES were assessed by creating a composite score based on race, primary insurance payer, and median income bracket. Results Primary outcomes were differences in disease presentation, use of elective surgery, complication rates when surgery was performed, and overall mortality and length of stay. Patients of lower SES were younger, more likely to be female, to have multiple co-morbid conditions, to present as emergent/urgent admissions, and to present with diverticulitis complicated by hemorrhage (p<0.0001). Discussion Overall, patients of low SES were less likely to receive surgical intervention, while rates of surgery were similar in elective cases. When surgery was performed, patients of lower SES had similar complication rates (25.4% vs. 20.2%, p=0.06) and higher overall mortality (9.0% vs. 4.4%, p=0.003). Conclusion Patients of low SES who are admitted with diverticular disease have an increased likelihood to present emergently, have worse disease on admission, and are less likely to receive surgery.
Introduction
Disparities in health care attributed to race and socioeconomic status (SES) are well documented. [1] [2] [3] This has been attributed to a number of factors, including access to care, 4,5 patient education and attitudes toward care, 6, 7 and differences in provider/hospital quality. 8, 9 Differences in care attributed to race or SES have not previously been described for most gastrointestinal disorders.
The development of colonic diverticula is extremely common in the westernized, industrialized world. It is estimated that 60% of people in these countries will develop diverticula at some point in their lives. 10 Many of these patients will experience complications of this disease, most commonly manifested as diverticulosis with bleeding or diverticulitis. The treatment of acute diverticular disease requires a combination of medical and surgical therapy, as well as long-term care consisting of diet modification and prompt follow-up for any recurrences. These factors contribute to make this an ideal medical-surgical condition to use in investigating for differences in disease presentation, hospital management, and overall outcomes based on race and SES.
Methods
A retrospective analysis was performed using discharge records from the State Inpatient Databases (SID) from New York State (NY) from 2006. The Healthcare Cost and Utilization Project (HCUP) supports these databases, which contain all patient discharge records from participating hospitals. All acute care nonfederal hospitals including both academic and specialty hospitals reporting data are included in the databases. In NY, this constituted 206 out of a possible 207 hospitals.
This study was reviewed by and received exemption from the University of Massachusetts Institutional Review Board, as no personal identifiers are listed in the SID data.
Study Population
The Clinical Modification of the International Classification of Diseases, 9th Revision (ICD-9-CM) diagnostic and procedural codes was used to identify diagnoses and procedures. All patients aged 65-85 with a primary diagnosis code for colonic diverticular disease (ICD-9 diagnosis codes 562.10, 562.11, 562.12, and 562.13) were identified. From an initial cohort of 8,537 cases, 420 cases (4.9%) were eliminated due to missing race or income bracket variables, leaving a final cohort of 8,117 cases.
Race/Socioeconomic Score
Patient demographic characteristics compiled in the SID were used to create a composite score based on race and SES. Race was grouped into white (2 points) and non-white (0 points). Income bracket is a categorical variable based on the estimated median household income in a patient's ZIP code, divided into quartiles. In 2006, the poorest quartile was defined as those making less than $38,000 per year (0 points), and the highest income bracket was defined as those making more than $63,000 per year (2 points), with the middle income brackets (1 point) falling between these two values. Insurance status was divided into three groups: those with primary private insurance or primary Medicare and secondary private insurance (2 points); those with Medicare alone (1 point); and all others (0 points). These points were summed, and patients were grouped into tertiles based on total score (Table 1) . Due to a dichotomous comparison, groups were divided into Low (lowest third) and High (middle and upper thirds) SES groups.
Study Variables
Age was incorporated as a continuous variable. Admission type was divided into two groups: emergent/urgent (emergent) and elective cases. Admission source was similarly divided into those patients coming through the emergency room (ER) and those admitted through other channels (i.e., outpatient clinic, scheduled admit, etc.). Additional characteristics of disease presentation were identified by determining all patients with any diagnosis present at admission of peritonitis (ICD-9 diagnosis code 567), intestinal obstruction (ICD-9 code 560), or intestinal abscess (ICD-9 code 569.5).
Patients undergoing a primary procedure of colectomy (ICD-9 procedure codes 45.73-45.79) were identified. Laparoscopic colectomy was identified as those patients with a primary procedure code for colectomy along with a secondary procedure code of laparoscopy (ICD-9 procedure code 54.21) as previously described. 11 Major postoperative complications were identified using a validated set of ICD-9 diagnosis and procedure codes. These complications consisted of postoperative infection, myocardial infarction, aspiration pneumonia, deep vein thrombosis/pulmonary embolus, pulmonary compromise, gastrointestinal hemorrhage, reopening of surgical site, and procedure-related perforation or laceration were identified as previously described (Simons, in press).
To evaluate comorbidity, the Elixhauser comorbidity index was used. This previously validated index identifies 29 specific disease entities that are considered true preoperative comorbidities rather than complications of care. 12 Scores between zero and three were created based on how many comorbid diseases each patients had.
A unique feature of the SID is its inclusion of detailed, itemized charges for each admission. HCUP provides software that can be used to combine information from these charges codes as well as ICD-9 codes to identify a series of "utilization flags" that cover a wide range of hospital resources, including ICU stay and administration of blood products. The NY SID also provides the total number of units of blood used in each admission, allowing for further quantification of this important resource.
Outcomes
The goal of this study was to identify any differences in outcome for patients suffering from a medical-surgical 
Volume
Volume is an inexact method of assessing hospital and provider ability but does provide some indication of the experience individual institutions and physicians have in treating this disease, and higher volume providers and hospitals have been shown to be associated with improved outcomes in some disease conditions. 13 Physician and hospital identifiers were used to determine the total number of cases of diverticular disease treated by individual attending physicians and hospitals, as well as the number of colectomies performed by individual surgeons and hospitals.
Case-Controlled Analysis
Propensity scores were used to further investigate whether differences in outcomes were dependent on disparities in patient population, hospital characteristics, and patient comorbidities.
14 An advantage to the use of propensity scores is that the model is not constrained with overfitting, multiple testing, and the conventional p<0.05 criteria for variable inclusion. Candidate factors for the propensity model were important demographic and disease factors, including age, gender, and Elixhauser comorbidity score. The propensity groups reduce all of these differences between patients. We used a Greedy 5→1 digit matching algorithm for matching. 15 This algorithm first matches on five digits of propensity score and then subsequently on four, etc. A matched cohort was created in which all demographic differences between low and high SES groups (n=2,581 in each group) were eliminated, allowing us to evaluate the effect of race and SES status in a case-control fashion. Within each group, the association between each demographic or disease characteristic was determined by the χ 2 or Student's t test. Logistic regression was used to generate propensity scores to minimize bias from non-random assignment. Covariates included age, gender, race/SES, comorbidities, and hospital characteristics. A Hosmer-Lemeshow goodness-of-fit test was performed to confirm the final model. All results in the regression model were represented by an odds ratio and 95% confidence interval (CI). All regression models were performed separately.
Results

Patient Population and Disease Presentation
There were 8,117 patients with a primary diagnosis of diverticular disease in NY in 2006 that were included in this study. The average age of all patients was 75, and 64% of all patients were female ( Table 2) . Forty-one percent of patients presented with three or more co-morbid conditions. Low SES patients were younger (75 vs. 76, p<0.0001), more commonly female (70% vs. 62%, p<0.0001), and more likely to have multiple co-morbid conditions than high SES patients (44% vs. 39%, p<0.0001). High SES patients were more likely to be white race (97.7% vs. 22.2% in the low SES). Non-white race therefore comprised 77.8% of the low SES group compared to 2.3% of the high SES group.
Sixty-one percent of patients presented with diverticulitis, while the remainder presented with diverticulosis (39%). In cases of diverticulosis, the majority of patients (82%) presented with hemorrhage. Hemorrhage was rarely seen in cases of diverticulitis (8% of cases). Low SES patients more commonly presented with diverticulosis than high SES patients (47% vs. 36%, p<0.0001), and cases of diverticulitis were more likely to present with hemorrhage (11% vs. 7%, p<0.0001).
As one would expect, most patients were admitted emergently (91%), and most commonly came through the ER (82%). Low SES patients were more likely to be admitted emergently (95% vs. 89%, p<0.0001) and more likely to enter the hospital through the ER (86% vs. 80%, p<0.0001).
Hospital Management
Fourteen percent of all patients were treated surgically during their hospital stay with a colectomy. Surgery was less commonly performed in low SES patients (11% vs. 15%, p<0.0001), although this difference was not statistically significant when looked at by admission type. Similarly, low SES patients were less likely to receive laparoscopic surgery (1.7% of colectomies vs. 5.3%, p=0.01), which, again, was due to differences in admission type.
Provider and Hospital Volume
The mean number of cases of diverticular disease treated by an individual hospital was 67 (median, 57; range, 1-208). Low SES patients were treated at hospitals with less experience with the disease than high SES patients (mean 61 vs. 70, p<0.0001). The mean number of cases of diverticular disease treated by an individual attending physician was 3.3 (median, 2; range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Low SES patients were also treated by attending physicians with less experience than high SES patients (mean, 3.1 vs. 3.3, p=0.003). The mean number of surgical cases performed by an individual surgeon was 3.4 cases (median, 2; range, 1-24 cases). In surgically managed cases, low SES patients were treated at lower volume hospitals (9.4 vs. 13.3 cases, p<0.0001) by lower volume surgeons (2.5 vs. 3.7 cases, p<0.0001). In cases that were performed electively, there was also a volume effect favoring high SES. Patients with High SES were operated on at higher volume hospitals (mean, 14.6 vs. 11.2; range, 1-37; p=0.002) and by higher volume surgeons (mean, 4 vs. 3 cases; range, 1-24; p=0.007) Unadjusted Outcomes Seventy-one percent of patients were discharged directly to home (Table 3 ). Overall mortality was 1.6%, which did not differ significantly between low and high SES (1.8% vs. 1.5%, p=0.34). Low SES patients were less likely to be discharged directly to home (68% vs. 72%, p=0.002) and almost three times more likely to leave against medical advice (1.1% vs. 0.4%, p=0.0002). Low SES patients had longer hospital stays (mean 6.7 days vs. 6.3, p=0.03) and higher hospital charges (mean, $30,000 vs. $27,500, p= 0.02) than high SES patients. Sixteen percent of patients in both groups required care in the intensive care unit. Low SES patients were more likely to require a blood transfusion (35% vs. 28%, p<0.0001).
Outcomes in Surgical Cases
In cases treated with colectomy, only 40% of patients were discharged directly to home without services, and mortality was 6%. Low SES patients were less likely to be discharged directly to home (33% vs. 42%, p=0.007) and had higher mortality than high SES patients (9.0% vs. 4.4%, p=0.003). Low SES patients had longer hospital stays (15 days vs. 12, p = 0.002) and higher hospital charges ($70,500 vs. $58,700, p=0.007). Rates of surgical complications were not significantly different between the two groups (25% in low SES, 20% in high SES, p=0.06).
Logistic Regression Models
In order to further investigate differences in treatment and outcomes, logistic regression models were created to identify factors that were independently predictive of outcomes. Factors included in these models were age, gender, patient comorbidities, admission type, and low vs. high SES. Age, male gender, and increasing comorbidity were all independently predictive of increased likelihood to enter the hospital emergently, as was low SES, which was 2.5 times more likely than high SES to present emergently (OR, 2.49; 95% CI, 2.04-3.00, p<0.0001; Table 4 ). Increased use of surgery was independently linked to younger age, increased comorbidity, and elective admissions. Low SES patients were slightly less likely to receive Overall mortality was significantly related to increased age and comorbidity (Table 5 ). In cases where surgery was performed, risk factors for mortality were increasing age and comorbidity, emergent admission, and low SES (hazards ratio, 1.8; 95% CI, 1.0-3.1, p=0.039).
Propensity Matching
Because significant differences in age, gender, and preexisting comorbidities existed between the low and high SES groups, propensity scores were used to create a matched cohort in which the differences in these variables were eliminated.
Differences in disease presentation remained in the propensity-matched groups (Table 6 ). Patients of low SES were more likely to present emergently, enter the hospital through the ER, and be treated by higher volume physicians at higher volume hospitals. Differences in utilization of surgery and of laparoscopic surgery were again insignificant after accounting for differences in admission type.
Outcomes in the propensity matched groups were significantly different ( Table 7) . As in the unmatched cohort, patients of low SES were less likely to be discharged directly home, more likely to leave AMA, and had higher rates of blood transfusion. Mortality, length of stay, and total charges were not significantly different between the two groups. In surgical cases, low SES patients were less likely to be discharged directly to home and had higher rates of blood product usage, longer lengths of stay, higher total charges, higher complication rates, and higher mortality.
Discussion
The results of this population-based study of inpatient NY data from 2006 suggest that SES accounts for significant differences in patient presentation, management and outcome in patients admitted with diverticular disease. Patients of low SES were more likely to present with emergent or urgent visits, diverticulitis with bleeding, and admission through the ER. There were also differences observed in medical and surgical management with patients of low SES less likely to undergo colectomy. Finally, there were dramatic differences in outcome after surgery, including increased use of blood products, complications, and inhospital mortality. We chose diverticulitis as the model of our analysis, since it has a medically and surgically based management with varying degrees of severity. Its management is complex; yet, it represents a common disease entity that can be studied at a regional level with sufficient power.
This study centered on the creation of a novel race/SES score. This score was devised to incorporate available variables from the NY HCUP database. The demographics included were race, income bracket, and insurance type. Race was categorized as white or non-white, since race alone is not a predictor of low SES class. Income bracket was categorized into the three possible scores (lowest quartile, second and third quartiles, and highest quartile), and insurance type was based on government or private insurance. Due to the incorporation and reliance of Medicare and Medicaid, we felt that it was necessary to include only patients aged 65-85 years in this study.
Multiple studies have shown that patients of non-white race and low SES are more likely to present emergently, 16 This increase in emergent presentations is undesirable for both the patient and the health care system, as it may contribute to higher overall health care cost and resource utilization. Becker 17 showed in a 10-year analysis of patients with uterine fibroids that patients of non-white race/ethnicity had higher total cost and length of stay compared to white patients. In this study, it is unclear whether disease stage and presentation were more severe in the low SES group. Patients in this group did present more emergently and had less elective surgery, but this could be due to a variety of reasons not related to race or SES.
Poor attitudes toward health care and lack of patient motivation are often cited as explanations for adverse outcomes in patients of non-white race and low SES. While this may sometimes contribute, there are multiple indications that the health care system bears a significant portion of this burden as well. Reporting on the SHARE trial, Siciliani and Verzulli 18 found that patients of lower education level and lower income had longer waiting times for specialty care and non-emergent surgery. In an assessment of the treatment of non-small cell lung cancer, Hardy et al. 19 found that blacks were less likely to receive surgery or chemotherapy for their disease. Provider characteristics also represent an important factor in determining health outcomes. Birkmeyer and others have shown that higher case volume for both physicians and hospitals may significantly improve outcomes in a variety of surgically managed conditions. This group and others have also shown that black patients, and other disadvantaged groups, may be less likely to receive care from high volume physicians and centers. 2, 20, 21 Further studies to identify the scope of this discrepancy and to develop plans to improve on it are necessary. Due to differences in the unadjusted cohort, a matched analysis is critical to make sure that observed differences in outcome are not due to inherent patient factors such as age or comorbidity. The use of propensity scores to create a riskadjusted, demographically matched cohort is an advantage of our study. Propensity scores reduce the entire collection of observed background characteristics to a single variable that appropriately summarizes those characteristics. 22 In the matched cohort, we still observed that patients of low SES had a higher percentage of emergent admissions and admissions through the ER. In addition, they were less likely to be treated with colectomy (11.2% vs. 15.7%). There was a mortality benefit in the high SES group, which may be attributed to use of less blood products. Use of surgery only attenuated these findings, resulting in patients in the high SES group received less blood products, lower total hospital charges, and surgical complications.
Receipt of care and access to experienced resources have been an ongoing area of investigation in field of disparities and outcomes research. We were surprised to see stark differences in provider (hospital or physician) volume in the care of patients in the two groups. Although it is difficult to make judgments about access to care in this retrospective analysis because of the emergent nature of diverticular disease, given that a large proportion of the surgical cases were treated with elective admissions, one could surmise that access to surgery may be hindered in the low SES group. This is an area that warrants further investigation. Several limitations to this study must be considered. This was a retrospective study and has the associated constraints due to the level of the NY SID data. For example, we were unable to confirm the validity and accuracy of the diagnostic and procedure coding. 23 The main outcome measure of this study was in-hospital mortality. This may reflect a lower mortality rate compared with studies using 30-day mortality, as most patients were likely discharged from the hospital prior to the potential death (if applicable). Our study used population-based data with only limited information on patient and treatment factors, thereby limiting our evaluation of medical factors such as presence of cancer, cirrhosis, antibiotic use, mechanical ventilation, and prior surgery. Use of colectomy and type of admission can lead one to decipher when surgery was performed in an elective vs. emergent setting, but this may also lead to inaccuracies based on coding. In addition, if patients were treated for diverticular disease in NY, but then underwent surgery outside of the state, then those cases were obviously not captured.
In summary, significant differences in patient presentation, hospital management, and surgical outcomes were observed based on SES and race in this retrospective analysis of inpatient NY state data. Access to care remains important both for individual patient outcomes and for health care utilization. Further studies, especially those incorporating longitudinal data from both inpatient and outpatient facilities, are necessary to validate our findings.
Dr. Timothy M. Pawlik (John's Hopkins, Baltimore, MD): Nick, that was a really fantastic presentation and another great paper from your group at University of Massachusetts. I appreciate being provided the manuscript beforehand.
Most of my comments concern the creation of the composite scoring system because everything flows from the scoring system. My questions are as follows.
First, I think that most of us would agree that there are disparities. The challenge is in trying to understand what are the root causes of these disparities. So, why did your group choose to create a composite score that combined race, income, and insurance status into one score? Why not analyze each of these factors separately and then look for interactions, etc.? It seems that you lost some of your power in the study by combining all the factors into an aggregate score right from the start.
My second question is how exactly was the composite score derived? It does not seem like that the score was weighted according to the potential impact of each factor. For example, if you were white and you were in the poorest SES bracket, you got 2 points. Similarly, if you were nonwhite but you were high in the highest SES bracket, then you also got 2 points. I do not know that it makes sense empirically to me that you are mixing and equating pointwise race with income. So, how exactly was the composite score derived and has it been validated with a test set of data?
Third, you divided your data into tertiles but then you analyze it dichotomously? Why did you do that? Why not just analyze the data in tertiles and use the statistical methodology for doing that?
My final question surrounds the disease that you chose to study-diverticular disease. Diverticular disease is a longitudinal disease where we frequently see patients multiple times in the clinic or they have multiple hospitalizations. One of the limitations of the NIS data set is that it does not allow for longitudinal tracking of the patients. Do you have any insight if patients had multiple hospital admissions prior to the one you measured? Perhaps, low SES patients were presenting with more extensive disease? Can you just shed some additional light on some of the limitations of the NIS data set for looking specifically at diverticular disease?
Again, a great presentation. I enjoyed reading your paper, and I look forward to your responses.
Closing discussant
Dr. Nicholas Csikesz (Worcester, MA): First, to talk about how we created the score and why we created the score. We wanted to look at SES primarily, but doing that in an administrative hospital database is challenging.
How do you really define SES using the variables that you have there? For instance, patient education level, as I mentioned, is not available at all.
The income bracket, the variable that we have, is based on ZIP code. As we all know, ZIP codes can contain a wide heterogeneity of income levels within them. So, we felt that there were not any individual variables that would give us a sense of SES within this database. Therefore, our plan was that, by combining them, we would, hopefully, get something that would give a little better sense of SES.
In terms of how we derived at it, to some extent, it was a little arbitrary in choosing the scoring system, and it has not been validated. However, I am not sure how we would validate it in this database. There is not something that you can really test for to say that you have accurately identified low SES.
I think the take home is, as you mentioned, that there are disparities in care. What we found were these disparities were at least partially due to, it seems like, a decrease in likelihood to present electively and perhaps some differences in surgical management and the volume of providers and hospitals that are treating these patients.
I think further studies are going to need to hone in on identifying who these patients are and how we can get them better care, both for them and to decrease the burden to the health care system. Therefore, we divided the SES score into tertiles as you mentioned. In some other work that we have done with creating groups like this, we found tertiles worked well for being able to focus either on the low end of the spectrum or the high end of the spectrum and still have two large groups to compare. I think anytime you take a continuous variable and divide it into groups, to some degree, it is arbitrary how you do it.
We did look at differences with different groupings or using as a continuous variable. Actually, I thought I might get a question like this, so I made a slide looking at just with the raw SES score; this is the percentage of elective admits. We see that there was an increase in elective admits with SES score and this is where we had drawn our cut-off.
You also mentioned that diverticular disease is a longitudinal disease. We are not going to be able to capture all of the intricacies of its care with an administrative database that does not have information about readmissions or anything like that.
We have a snapshot of one year with how many admissions there were. We do not know whether in our group of 2,000 low SES patients, maybe it was 1,500 patients and maybe 500 were readmits. We do not know things like that. So that is something where getting some data that had longitudinal and especially outpatient care, to figure out what kind of primary care these patients were getting. That would be really valuable.
Discussant
Dr. Neil Hyman (Burlington, VT): An excellent presentation. It is always a big problem trying to draw conclusions from administrative databases because you have no idea what the data really means. For example, did the higher socioeconomic patients have completely different presentations to the emergency department since they had access to primary care for "milder" episodes?
I also have a question about your three categories. It looked like you had a large group of patients coded as diverticulitis with hemorrhage, if that really existed in any of the patients. And then you had another category called diverticulitis and then almost half being admitted with "diverticulosis." Can you explain to me what it means if you were admitted to the hospital and you were not bleeding and you did not have diverticulitis but you had "diverticulosis" as the reason for admission to the hospital?
Closing discussant
Dr. Nicholas Csikesz (Worcester. Massachusetts): Sorry, I should have probably expanded on that slide. The diverticulosis patients, for the vast majority, did present with hemorrhage, and there were not really significant differences between the two groups, so I did not report that. I should have mentioned it.
And you are right, the diverticulitis with hemorrhage was a little confusing to us, but that is what the coding showed us.
